Abstract. The aim is to evaluate the outcome of laparoscopic sleeve gastrectomy on weight reduction, and associated co-morbidities in morbid and super obese patients. A retrospective review of 36 patients underwent laparoscopic sleeve gastrectomy from October 2008 to April 2010 at King Abdulaziz University Hospital. The medical records of patients reviewed based on excess weight loss, operative variables, postoperative complications, and the effects on obesity related to co-morbidies. The mean operating time was 186 min (120-300 min). Major complications were bleeding (one), gastric leakage (one), and deep vein thrombosis (one). There was one case of mortality. The mean hospital stay was four days and the median follow-up was 13 months (12-18 months). The median percentage of excess weight loss at one year was 38.2% (8.5-57.2%), which was more in male and super obese patients. Diabetes was improved in 13 of 14 patients and hypertension was controlled in all hypertensive patients (17 patients). Infertility was improved in the infertile patients (two patients) while joint pain improved in 80.95% and sleep apnea in 93.75% of the cases. Excess weight loss in laparoscopic sleeve gastrectomy observed to be more in male and super obese patients, thus, results in a significant improvement in obesity related co-morbidities.
Introduction
Various methods to control obesity such as dieting and exercise have failed to achieve long-term weight loss [1, 2] . Drug therapy with serotonin re-uptake inhibitor (sibutramine) which reduces appetite and orlistat, which inhibits fat absorption that has been found to be effective in 10% of the obese patients [3] . Hence, there is a need for an alternative solution to this problem. Bariatric surgery, also known as metabolic surgery, offers a long-term goal of achieving weight loss and a significant improvement in co-morbid states such as Type 2 diabetes mellitus (T2DM) and hypertension (HTN), thus, improving the quality of life and decreasing mortality rates [4] . Indications of bariatric surgeries are BMI > 40 kg/m 2 or BMI > 35 kg/m 2 if associated with co-morbidities, such as T2DM, HTN, obstructive sleep apnea, or on a six months lifestyle modification. Plus, medical treatment have failed to produce sustained adequate weight loss, and performed on age between 18 and 65 years [5] . Common contraindications are patients with high anesthetic risk, alcohol or drug abuse, advanced liver disease, major depression or psychoses, and the inability to comply with postoperative medical, nutritional, and psychological assessments [6, 7] . There are many bariatric procedures that are available, such as laparoscopic adjustable gastric banding (LAGB) and laparoscopic sleeve gastrectomy (LSG), which are restrictive procedures, and other malabsorptive procedures, such as Roux-en-Y gastric bypass (RNY), Biliopancreatic diversion (BPD), and Biliopancreatic diversion with duodenal switch (BPDDS). This study presents preliminary results of LSG in morbidly obese patients.
Methods
This is a retrospective review of 36 patients who underwent LSG (Fig. 1) , who was operated because of the psychological effect of obesity on her social life. All patients seen and counseled by a dietician before surgery and necessary advice was given by a psychiatrist in some cases when required. Preoperative assessment for co-morbid conditions performed in all cases such as DM, HTN, duration, medications, and their doses. Detailed history of obesity was reviewed, such as the duration, medical treatment as well as diet and exercise trials to control obesity. Effects of obesity on routine work and related complaints were also reviewed, such as sleep apnea, joint pains and infertility. LSG procedure was explained to the patients, along with its benefits and possible complications. Patients who agreed to have a minimum of 1-year follow-up were offered LSG. Assessment of the effect of LSG was achieved by assessing the percentage of excess weight loss (EWL) and BMI changes, as well as improvement of co-morbid conditions. Operative assessment was performed based on operative time and complications during surgery, such as bleeding and injury to nearby organs, life-threatening incidents, pulmonary embolism (PE), etc. Postoperative complications; leakage, bleeding, intensive care unit (ICU) admission, wound infections, and deep vein thrombosis (DVT) were also reviewed. The patients were subdivided into five subgroups based on BMI. The data entered and analyzed using the statistical package for social sciences (SPSS Inc, Chicago, IL, USA), version 17. Statistical significance determined when the p value was < 0.005, by using paired t-test for comparison.
Results
In this study, 36 obese patients underwent LSG, for which 22 were females (61.1%) and 14 were males (38.9%). The age of the patients ranged from16 to 58 years (mean 33 years). The range of weight was 82-220 kg (mean 150 kg) and that of height was 148-177 cm (mean 161 cm). The BMI ranged between 32 and 72 kg/m 2 (mean 57 kg/m 2 ) ( Table 1 ). Distribution of obesity was of central type in nine patients (25%), while it was combined central and peripheral obesity in 27 patients (75%). Childhood obesity was predominant in 22 patients (61.1%) and adulthood obesity was found in 14 patients (38.9%). Out of the 36 patients, 25 patients (69.4%) had tried dieting and 11 patients (30.6%) had tried medication as a means to reduce weight, but with no apparent benefit. All patients were sedentary and reported that obesity was hampering their routine work. Eating habits were more of calorie and volume in 24 patients (66.7%), while 12 patients (33.3%) were calorie eaters. Preoperatively, all the patients were classified into five groups depending on their BMI. The first group had three patients (8.3%) with a BMI of 30- Fourteen patients (38.9%) had diabetes, with 13 patients having T2DM and one patient having T1DM. Furthermore, 50% of the diabetics were both on insulin and oral hypoglycemic agents together, while 50% were on oral hypoglycemic agent alone. In addition, 17 patients (47.2%) had HTN, 26 patients (72.2%) had history of sleep apnea, and 31 patients (86.1%) were complaining of joint pains before surgery. Two patients (9.1%) were infertile, one primary and one secondary infertility.
The duration of operation ranged from 120 to 300 min (mean 180 min). Complications encountered during surgery were one case of bleeding due to injury of short gastric vein for which the surgery was converted to open as to control the bleeding. DVT in one case, despite that all patients were receiving thrombo-embolic prophylaxis before surgery; it was diagnosed on the third postoperative day and managed accordingly. Gastric leakage (one case) was discovered on the second postoperative day. The patient was taken to the operating room and the leakage was detected at the site of the first staple line at the level of crow's foot, which was re-sutured laparoscopyically. PE (one case) was discovered on the third postoperative day, and subsequently, the patient died (one mortality). All patients were transferred to ICU for overnight observation. The duration of hospital stay ranged from three to five days with a mean of four days.
The median follow-up was 13 months (range 12-18 months) and the median percentage of EWL in one year was 38.2% (range 8.5-57.2%). Furthermore, the median BMI change was 25% (range 5.7-60.4%). The effect of LSG on weight reduction in different BMI groups was observed. The maximum percentage of EWL was found in Group 5 and the least was observed in Group 1; thus, the males and super obese patients (in Group 5) were the ones who had the maximum benefit on weight reduction (Table 2) . Benefits of LSG were not only in terms of weight reduction, but other positive findings were also observed, such as cure of diabetes in 13 (92.9%) cases out of the 14 diabetic patients and cure of all (17 cases) hypertensive patients (100%). Furthermore, two patients who were infertile became pregnant within one year of LSG. Out of the 26 patients with sleep apnea, 22 patients (84.6%) showed improvement. Moreover, out of the 31 patients with joint pain, 27 patients (87.1%) showed improvement.
Discussion
Incidence of obesity has been increasing both in developing and developed countries. [1] . The highest incidence of obesity was found in Hail (33.9%), followed by Al Sharaqiya (27.7%), Riyadh (21.7%), Makkah (19.3%), Jeddah (16.4%), and the lowest in Jizan (11.7%) [2] . These high rates of obesity in Saudi Arabia are due to sedentary lifestyle, lack of physical exercises, and shift to fast food and carbonated drinks [1] . Obesity is associated with many chronic conditions, such as Type 2 diabetes mellitus (T2DM), coronary heart disease, hypertension (HTN), dyslipidemia, obstructive sleep apnea, cancer, and infertility.
LSG has recently acquired its place in bariatric surgery as a viable alternative to other restrictive and malabsorptive procedures. It was first introduced in bariatric surgery in 1988 by Hess and Marceau as the restrictive part of the duodenal switch (DS) [10, 11] . In 1999, Gagner and Rogula described this operation as the first of two stages of BPDDS to decrease the high mortality associated with complex operation in super obese patients [12, 13] . After that, Ren et al. described LSG as the firststage procedure in RNY in super obese patients. Since 2004, LSG was reported as the standalone safe bariatric procedure [14, 15] .
LSG works by various mechanisms, such as restrictive mechanism, which reduces the size of the stomach, thereby reducing its volume, and makes it less distendable during eating and generating a feeling of fullness and early satiety with minimal oral intake [7] . Another mechanism is that through transaction of fundus and greater curvature of stomach, reduction in the level of ghrelin hormone could be achieved [16, 17] . Ghrelin is a hormone that is secreted from the fundus of the stomach, which is a potent appetite stimulator that regulates the growth hormone release, which activates ghrelin receptors in the hypothalamus/pituitary area. Langer et al. reported significantly reduced level of ghrelin following LSG at one and six months [18] .
LSG has acquired unique position in bariatric surgery as it is simpler and effective in weight reduction with few complications, when compared with LAGB, such as no postoperative adjustment of the band, better patient tolerance, and less regurgitation [5] . LSG, when compared with malabsorptive procedures, such as RNY, BPD, and BPDDS is much superior as there is no nutritional deficiency, no stomach ulceration and dumping syndrome, in addition to comparable weight loss [6] .
LSG showed a significant EWL. In this study, the median percentage of EWL was 38.2% in one year; other studies have reported 39.9, 47.2, and 78% at a one year [19] [20] [21] period. It was observed, that the maximum EWL was in males and super obese patients. The median percentage of BMI change in this series was 25% in one year, while other studies have reported 23.1% in one year [21] [22] [23] . The complications of LSG ranged from postoperative gastric leakage, DVT, PE, bleeding, splenectomy, port site infection, and hernia. The mortality rates ranged from 0 to 0.7%. Hence, no case of port site infection, hernia, or splenectomy was observed in this study.
Obesity is intimately related to T2DM, and was found that 80% of the patients with T2DM were overweight (BMI > 25 kg/m 2 ), 50% were obese (BMI > 30 kg/m 2 ), and 10% were morbidly obese (BMI > 40 kg/m 2 ). In this study, diabetes was improved in 92.9% of our patients, while other reports showed 43-100% improvement [24, 25] . Control of HTN in 100% of our patients, while others reported 43-92.9% [26, 27] .
Obesity is associated with infertility. Anovulation is the cause of infertility in one-third of the couples attending infertility clinic [28] . Furthermore, polycystic ovary syndrome accounts for 90% of such couples, and about 40-50% of these cases are overweight [29] . Losing 5-10% of the total body weight can reduce central fat up to 30% and restore ovulation by improving insulin sensitivity [30] [31] [32] . In this study, infertility improved in all the infertile patients (two cases). No co-relation between LSG and improvement in infertility in the literature was found, and probably, this study is the first one to show this improvement.
In conclusion, LSG is a promising standalone bariatric procedure, which results in excessive weight loss and significant improvement in comorbid states. Furthermore, the complications are acceptable and can be minimized by careful planning and adequate counseling. Significant improvement in diabetes, HTN, and infertility shows that there is a role of surgery for the treatment of these diseases, especially in obese patients. Long-term follow-up after surgery is needed to assess the durability of weight loss and remission of co-morbidity factors. . . 
